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Arizona Drought Monitoring
Technical Committee — “MTC”

o State, Federal, University, and Private agency
experts

« Meet monthly

— Report to Director of Arizona Department of
Water Resources

— Reports are published on website:
nttp://www.azwater.gov/dwr/drought/MTC.html

— Discuss drought issues, improvements to
methods and communication
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MTC Monitoring

= Much of our indicator/trigger method is based
on work by Anne Steinemann (Univ. Washington)
and can be found in the publication:

Steinemann, A.C., and L.F.N. Cavalcanti, 2006:
Developing Multiple Indicators and Triggers for
Drought Plans. Journal of Water Resources Planning
and Management, 132(3): 164-174.

DOI: 10.1061/(ASCE)0733-9496(2206)132:3(164)



MTC Monitoring Philosophy

= \We monitor drought at a regional level — to get
the Initial “big picture”
» \We calculate and display drought status for two
time periods:

= Short-term (< 12 months)

* Long-term (12-48 months)



MTC Monitoring Philosophy

= \We use precipitation (SPI) and streamflow data
as drought indicators, from 1975-present
» Because this time period gives us the most
stations and gages with the fewest missing
data
= But, we consult other indicators to add spatial
detail and to corroborate SPI and streamflow
» These other indicators are included in our

monthly reports
» Reservoir levels, vegetation health, snow, etc.



Spatial Resolution 2004-2005

Climate Prediction Center o

Arizona -8l \We used to use NOAA
climate division data
e Easy to access and
use

* Divisions follow
political boundaries

« Universally disliked by
stakeholders

Map: NOAA Climate Prediction Center



Spatial Resolution 2006

Now we use surface
watersheds

e Still large regions

o Still plenty of data
gaps (northeastern

Arizona)

e Watersheds add
credibility compared
to political
boundaries

* The jury is out on
whether this is really
an improvement




AZ Drought Triggers

Description Percentile
n No Drought 40.1-100.0%

Abnormally Dry 25.1-40.0%
Moderate Drought| 15.1-25.0%

Triggers are specific values of the indicators
that initiate and terminate drought status
levels and management responses



USDM Drought Triggers

Description Percentile
0 |No Drought 31-100%

Abnormally Dry 21-30%
Moderate Drought 11-20%

5 Exceptional Drought 1-2%

The monitoring committee recommended using the USDM
levels, but the Drought Task Force thought there were too
many levels, and that it would be too confusing to the public.



Drought Trigger Goals

* \We are monitoring for drought management,
SO our approach is conservative

» \We want rapid detection going into drought (no
lags)

= But we are cautious coming out of drought —
we don’t want status to jump rapidly, based on
short-term anomalies

* Drought amelioration criteria — requirement
that drought status move in a positive
direction for multiple months before
decreasing drought status




Drought Trigger Goals

= \We strive for consistency with historical
Impacts
= [n 2004, we checked this in two ways

= Through a stakeholder assessment,
based on their operations

= Through subjective assessment by the
MTC



Drought Trigger Steps

» Rank raw data = “percentiles”

= Assign each indicator a status level, based on
the match between indicator percentile and
trigger intervals

= Average the drought status levels and round
up

= Apply amelioration criteria, if necessary



Indicators and Triggers

Example: Southeastern AZ

no|Final Drought Level

---- .

[ Aug03 | 2 [ 1|22 Note: Example is from 2004
| Sep03 | 2 |8 2 8

| Apr04 | O] 1]211

| May-04 | 0 | 0 | 1 1

| Jun04 | 0| 0|

SPI 3, 6, 12 month averaged to get final short-term level



Indicators and Triggers
Example: Southeastern AZ

Long-Term
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SPI 24, 36, 48 month + various unregulated streams
averaged to get final long-term level



September 2006 U.S. Drought Monitor sz,

(data through

August 31, 2006)
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Corroborative Data

We always use a two-step process
= \We examine the calculated drought
status
= Then we consult additional data
sources, In order to corroborate drought
status and add spatial precision

Examples:

= Snowpack reports
» Range and pasture status reports
= Satellite vegetation health



LDIGs: Local Drought Impact Groups

Volunteer groups, coordinated by county
cooperative extension and county emergency
management to:

They identify local drought-related impacts

* Provide drought impact data to MTC
Define and assess

- societal impacts, severity, associated costs
|dentify response options and needs
|dentify and faclilitate efforts to mitigate impacts
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LDIGs & Drought Monitoring

The link between numbers that the experts look
at and impacts that people experience
= MTC gets information on
* |[nstantaneous conditions (our reports
usually lag current conditions by 15-20 day)
* Local impacts
= Quantitative precipitation totals through
volunteer rain log networks
- Improved spatial information
= Verification of calculated drought status



Rainlog.org (created by SAHRA and
Arizona Cooperative Extension)
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‘2 Rainlog.org - Main Page - Microsoft Internet Explorer, @

This is the Tucson region
with the Santa Catalina Mountains, Rincon Mountains

Report of Rainfall Data

e
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Thanks to the following sponsc

©KOLD E

Imagqr{v 006 TErraMetric_é, Iiiap dats S2006 TeleAtlss - Terme of

—_— - = = = - B
'4 start @ @ 7| 8% MicuMASIDrought .. | B GiiPinal LAIAG | T Micrasoft word | &4 z006.07.18 - PinalLA... | R Rainlog.org-ManPa.. 28 Rairlog.org - Main Pa... &) zi358M



<2 Rainlog.org - Main Page - Microsoft Internet Explorer, Q@

Many observers in the urban area

Googe: _ w(C
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Rainlog.org - Main Page - Microsoft Internet Explorer

File Edit Wiew Favorites Tools  Help

’ P —~ 0
- ':I :"I \ ) <. .
Q Back ] | |& Qu 7 Search I Favorites {

Address @ hitkp: f e, rainlog, orgfusprn/htmlmainfmaps. jsp
Couglev | (G| Search - @Bblocked "'55: Check - %::i Autolink - EOptions o o

E 3

Log in | Re r | Learn more

add data | handbook | myprofile | partners

maps  links
Select predefined region:

All Arizona,
Select a report type:
O single day
O pate range

& Monthly totals
August w | | 2006 w

Getreport

[ Seefull screen map

--

[ Seein Google Earth

Need a rain gauge?

i Buy a Tru-Chek gauge
| | here at Rainlog.org

T ARIEONA COOPERATIVE
ON

This is the Nogales region with the U.S.-Mexico border
We are now recruiting more rural observers




Rainlog.org - Main Page - Microsoft Internet Explorer
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: precipitation. .
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LAIAGS & Drought Monitoring

Drought impact monitoring strategy
= Systematic qualitative monitoring of selected
locations



LAIAGS & Drought Monitoring

Drought impacts monitoring variables
* Hauling water, water conveyance issues
= Seeps, springs, stock ponds

= Soll conditions

* Range impacts



LAIAGS & Drought Monitoring

Drought impacts monitoring variables
= Vegetation condition
* Indicator species
= \Water table declines
= Wildlife
= Subsidence



Drought Impact Report Sy

A DIRS Slirvey- Microsoftintemet Explorer: provided by ADY/R!

Fie Edit View Favorites Tools Help

@Back > Iﬂ ﬂ , /Iisearch Favorites 6<) ﬂ E 33

Address | &) http://java.arid.arizona.edu/ccdis/jsp/survey/

Google~ 7] ICl Search ~ @ & Siseblocked "% Check - "N Autolink - “[]AutoFil doptions -

Version 1

Arizona Drought Impacts Reporting System - Current Drought Impacts

Name | Email |

Address Phone |

Geographic Reporting Area (E.G. Nearest Town, Township/Range, Lat/Long, Hydrologic Unit Code)
Economic

Costs and losses to agricultural producers
Impact Observed? Trend

A1 Damage to crop quality O Yes @ No O Worse O Same (O Better
A2 Income loss to farmers due to reduced crop yield ) Yes @ No O Worse (O Same () Befter
A3 Reduced productivity of cropland (wind erosion, long-term loss of organic matter, etc ) (O Yes @ No () Worse () Same () Befter
A4 Insect infestation O Yes @ No O Worse O Same O Befter
A5 Plant disease O Yes @ No O worse O Same O Better
A6 Wildlife damage to crops O Yes @ No O Worse O Same O Befter
A7 Increased irrigation costs O Yes @ No O Worse (O Same O Befter

A8 Cost of new or supplemental water resources development (wells, dams, pipelines) () Yes @ No ) Worse () Same () Better

Comments/specific causes

Website: Arizona Cooperative Extension



LDIGs & Drought Monitoring

We also conduct drought “capacity building”
workshops with the LDIGs

= \We discuss drought history with them

» Examine tree-ring drought reconstructions

» Discuss ocean-atmosphere causes of
drought

* Introduce them to online drought resources

= USDM, NCDC climate monitoring, Local
NWS resources, NRCS SNOTEL, etc.

Participants include ranchers, farmers,

water providers, land managers, interested
citizens



Plans for the Future

= Sensitivity analysis of indicator/trigger system
= Which stream gages should be short-
term drought indicators? — In progress
through USGS
= Can we reduce redundancy in 24-, 36-,
48-month SPI for long-term drought?



Plans for the Future

* Implement South Carolina drought tools — in

progress — (through CLIMAS, ADWR, NWS)
= Allows users to see status of their
favorite drought indicator(s), at various
spatial scales and groupings (such as
county, watershed, climate division)



Plans for the Future

* Provide longer-term perspectives on drought
= Contrast current drought status with
status for stations with longer records and
with tree-ring records of winter
precipitation

= Add groundwater indicators — in progress

(through the efforts of Arizona Department of

Water Resources)



Plans for the Future

* Merge drought and flood warning websites —
In progress — (ADWR and NWS Phoenix are
leaders)
= \Work more closely with Native Nations
* Proposal submitted to assess Navajo
Nation hydromet system — opportunities
for data sharing
» Leaders: CLIMAS, State Climate Office,
Northern Arizona University



Sample of Arizona MTC
Monthly Drought Report



Drought Arizona
- Drought Monitor Report
' September 2006

Procwced by the Monitaring
Technical Commitiee

Mike Crimmins, Exterssion
Sgpecigist, U of A Cooperative Exiension

Short-term Drought
Status

All areas of the state have contin-
ued o improve in the chort-term fo
her abnormally dry or moderate
drought sfatus. Monsoon raing
have improved soil mosture, re-
filled stock ponds, reinvigorated
grage growth, and decreased the
fire danger dramatically. Improve-
ment was particularly dramatic in
the southeasiern poriion of the
state, which received the most
extreme rainfall events. However
the state is &fill secing lingering
mpacis from one of the driest
wirters on record. Wildlife con-
finue to migrate from mountain

% into urban areas in search
00d SOUNCes.

Chariie Ester, Salt River Project
Gregg Garfin, University of
Arizona — CLIMAS

Teny Haffer, Mational Weather
Senice

Lamy Marfinez, Natral Resources
Consenvation Service

Ron Ridgway, Arizona Division of Emengancy
Management

Mancy Selover, Asst. State Climatologst
Arizona State University

Chris Smith, U5, Geclogical Suney

Coordinator: Susan Craig, Arzona
Deparment of Water Riesources
Compuler Support: Andy Fisher, Atizona
Depanment of Water RiEsources

Anzora Drought Preparedress Flan
PdcnBaring Technicsd Sammitaa

— g — ] Long-term Drought
Status
Although the shor-term map has
shown significant improvement
jong-term dnowghi conditions will
be slower to recover. Only the
San Pedro and Willzox Playa wa-
tersheds have imgroved since |ast
mionth, from extreme to severe
drought. Desgite the monsoon
raing, overall reservoir storage

has decreased over the past year

due to the extremely dry winter
{ 5 and lack of enowpack. Although
. e [ N p—— b - o §
~y } R gra enefited from the
2] i b meaenma (18§ R 4
g “JH,,_; S —— L g, recent rain, other fypes of vegeta
- Wy f d 1 .
—— T fion will take longer to recove
—— However, with the prospect of a

Wisted Do el 71

weak to moderate El Nino, condi-
fions are expected to contines to
mprove through the winter
months.




Reservoir
Storage

The abundant rainfall brought by this year's monsoon season has helped fo raise
water storage levels in ceveral Arizona rezervoirs, an event most often caused by
winier precipitation rather than summer rains. According fo the Tucson Citizen,
officials at e Salt River Project said thaf runcff from the summer precipiiation
this year has excesded winter runoff for only the ninth time since record-keeping
began just over a century ago.

Storage in the Salt River system increased by about three percent of capacity,
and the Verde system gained five percent. Reservor managers had feared that
the San Carlos Reservor could dry up by the end of the summer, leaving farmers
in the area without a dependakle source of water, according to the Tucson Cifi-

zen. However, storage has more than tripled in the San Carlos Reservorr on the
Glla River, which had been down to eight percent last month, and has now filled
to more than 24 percent of its C..C-E.:I[‘:.'

0On the Colorade River, Lake Powell decined by less than two percent, while Lake
Mzad rose slightly by less than one percent. The total Colorado River slorage is
at about 53.5 percent of capacily, declining by less than one pemen' gince last
month. Storage on the Colorado River remains only slightly less than one year
ago, when it was at 57 percent of capacity.

The monsoon raing, whils raising water levels in many reservors, were stll not
enough fo counter the significant depletion of in-state water storage resulting from
the almost comglete Iac< of rain and en OWRECK OVEr the past winier. Tota in-*"le
clorage (San Carlos, Salt River system, and Vesde River system reseroirs)
slands at 54 percent of capacity, though this iz an increase from 48% last month.

[Data provided by USDA-NRCS

ByriTana reservoir kesks for August 2008 25 3 pereent of capacity. The map Jegiols the
PEar's sharage far ach resenvor, whils the e slso ISt curment and magimem slorag

rape lzwed and last
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Assossnnd for Mo Soultwasi)

Conditions in Arizona have continued to imgrove
due fo above-average monsoon precipitation, par-
ficularly in eastem Arzona and at higher elevations
along the Mogollen Rim. Porfions of southwestem
and northem Arizona still show siressed vegetation
Observed improvements in vegetation health often
lag several weeks behind precipitation events, co
continued improvements are possible even though
fuiure monsoon precipitation ks unlikely.

The satellite-derved images below wene taken on
July 23, (top figure), August 20 (middle), and Sep-
tember 17, 2006.

Wegetotion Health Index

Juby :E;l%ﬂﬂﬁ wneh EEJE[I

it R

=N

-1 —100 -
Wegetotion Health Index

, 2 Arak
A _Elm?gﬂﬁl il .}_SLJ

Wegetotion Heakh Index

Sap, 17 2006 {weak 37}
—150 P g T

an am
[

32
A

= S =y

s il

{images baken by fre Nafional Cozaric 2nd Atmespheric Adminizbaion’s
Mafional Emsronmenial Ealzlife, Dal and Inforeefion Senice [(NESDIE)




Mountain Streamflow
and Precipitation

Drought Levels Based on Monthly Streamflow Discharge illgll st Streamflow

BN Following an exiremely dry winter, an exceptionally active
mongoon produced a very unwsual summer hydrologic
responze. In that regard, heavy rainfall in August produced
huge volumes of ramof in the Salt and Gila Rivers, and
flows mcreased signific
(zee fable below)
the combined Salt River Project [(SRP) reservair system
was greater than the accurmudated winter ranoff of 124,400
; acre-fest for the snowmelt runoff period of J y through
2 May 2008. Degpite the encouraging August flows info the
i SRP reservcir system, the year-to-date runoff is only 44
percent of median af 336,889 acre-feet, as the result of the

e

dry winter of 2008,

Angust Streamfiow Obasnced jcompiled by NRCS from USGS data)

ol s Wiater body Augugl % of
S x » Runoff in Median
- Acra Fest
e | Salt River near Roosavel 145,835 B16%
1 L Tonto Creek 5,936 H%n
= i Werde River at Horseshos Dam 14,436 108%
- Comkined Inflow to Salt River —
—— = T’ Project (SRF) reservnir system 167,207 e
i e 'E;f:aff;;‘:“’ Fiver deave 2,750 %1%
- HmR— Gi!a Rives to San Carlos Reser 158,600 2660%
WOIF .
Mountain Precipitation
August Precipltation Water Year Precipitation by River Basin
August was dominated by monsoon thunderstorm activity, For the water year, SNOTEL data shows that mountain
with 4-8 inches of precipitation recorded at high elevation precipitafion ie below average in all basing, ranging from
ENOTEL sites. Precipitation catch in August was 146 per- 85 to 91 percent of average (see table).
cent of average over the Salt River basin, 106 percent of
average owver the Verde River basin, and 186 percent of Parcant (%) of 30-Yr.
average over the San Francisco-Upper Gila River basin. Watarshad Average Water Year
The Litte Colorado River basin received 144 percent of Pracipitation
average precipitabion in August. Octobar 1 — August 31
Salt River Basin TI%
‘erde River Basin Ba%
Litte Colorado River Basin ES%
San Francisco-Upper Gia River ,
- o5
Basin
Cenfral Mogeollon Rim 5%




Temperature and
Precipitation

Update
August brought above-average monsoon rainfall for much of the state, parficulady the southeast, where a few exfreme rainfall eveniz
caused w ::Qp'ﬂ-d ficoding on the Santa Cruz River. The high runoff in the Salt River kasin cawsed the level in Roosevelt Lake to rise

during August. Although the cne-month rainfall does not end the drought, it does improve rangeland conditions and provide shorf-term
redief. The rainfall and associated humadity also brought significantly cooler temperatures fo the southeast and northwest parts of the
siate. However, the temperatures in the northeast and southwest continued 1o be well above average in August

Three-month period - Precipitation totals for the summer manths wese near or abol all bacine except Bill Williame and the
Virgin River in the northwest. Temperatures wers above the 850 percentile everywhere except the northeast plateau.

Six-month period - Precigitation fotaks in the Bl Williams basin f=l below the 25 percentiie, while all ather areas of the state were near
or above normal. Temperatures clatewide continued fo be well above a e for the gix-month pericd

1Z-month period - The 12-month pericd includes the wetier than normal mensoon s=ason and the much drer than normal winter sea-
son. Most of the watersheds remain below the 150 percendile for 12-menth precipitation, whils the Virgin basin dropped below the 40
percentle and the Lower Colorado River bagin dropped below the 257 percentile. The correcgonding temperatures for the one-y
period have been extremely high: above the 5= percentis everywhere except the northeast camer of the state, which is above
percentis.

Lt |

e 5 e

Two- I.-'car,.':-ﬂ"cc.‘ The two-year period combines the wet winter of 2005 and wet summer of 2006 with the dry winter of 2006 and dry
summer of 2005. Taken fogether t’ 2 iz very I|t'|n evidence of dryness across the western and west central portions e ctate, with
precipitation fofals abowe normal. However, precipiiation fotals in the Litthe Colorado and the southeastern watersheds ars below the
35th percentile, with the driest watersheds being the San Pedro and Willeox Playa. Except for areas along the lower Colorado River
temperatures for the two-year period were all 2t or above the 800 percentile

Thres-year penod - Precipitation totals remain akove average in the northem thind of the state, below average in the southern half of the
ciate, and well below the three-year average in the southeastem watsrsheds. The entire state i till well sbove average for tempera-
ture, with the southeast and south ceniral poriions of the state above the 25 percentile

Four-year period—The northern and western watercheds have had near or above normal precipitation during the four-year period, while
the eastern and southeasterm watersheds are still well below the 257 percentile. Along with the drmess has been excessive heaf, par-
ticularly in the southeast.

Precipitation Percentlles by Watershed Temperature Percentlles by Climate Divislon
A-Menth 3-Manth B-Manth 1-Marith 3-Manth BE-Manth
12-Manth Zé-Month J&-Manth 12-Manth 24-Manth 36-Manth

-
48-Month Trmperey Frecarthas 48-Manth
. -
- i
-. - i
L N —f .
[ 4 LB




Weather Outlook

et Fepiemins 37, 2008 " Drought Outlook

The NOAA Climate Prediction ndicates most of the state wil
zee some improvernent in drought conditions, with a lessen-
ng of some of the drowght impacts by January 2007. Worthy
of note is the evolufion of a weak El Nino event in the easi-
Eoma improvamenct, | . em Pacific Ocean. While it is too early to tell what impaur

T 4 thiz will have on Arizona's winter, history shows that in simi-
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